Plasmid with cyt b5 gene was transformed into BL21(DE3) competent cells (NEB). Cultures of E. coli BL21(DE3) cells containing the plasmid to express cyt b5 were grown in LB media (50 mL) for 16 h at 37 °C and used to inoculate 2 L of LB media containing 100 mg/mL ampicillin. The culture was incubated at 37 °C for 8 h with shaking at 210 rpm. Protein expression was induced by addition of IPTG to a final concentration of 1 mM. After 16h, the cells were harvested by centrifugation at 9000 x g for 10min.cyt b5 was purified using ion exchange chromatography before final size-exclusion chromatography [2] [3] . Identity and purity of the purified protein was verified by ESI mass spectrometry (calculated: 12860, observed: 12862).
Plasmids with various Mb genes were transformed into BL21(DE3) competent cells (NEB). Cultures of E. coli BL21(DE3) cells containing the plasmids to express Mb were grown in LB media (50 mL) for 16 h at 37 °C and used to inoculate 1 L of TB media (tryptone, 12 g, yeast extract, 24 g, glycerol 0.4 mL in 1 L H2O with 0.017 M KH2PO4, 0.072 M K2HPO4) containing 100 mg/mL ampicillin. The cells were grown at 37 °C for 8 h with shaking at 210 rpm, following 16 h induction with 1 mM IPTG and were harvested by centrifugation at 9000 x g for 10min.
G65Y-CuBMb (+6) was purified based on a modified inclusion body protocol [4] [5] . The cell pellet was resuspended in 50 mL of lysis buffer (10 mM Tris-HCl, 1 mM EDTA, 0.1% Triton X-100, and 1 mM of phenylmethylsulphonyl fluoride (PMSF), pH 8.0), and the cells were lysed by sonication. The crude lysate was centrifuged at 20,000 x g for 30 min. After centrifugation, the pellet was collected, resuspended and washed twice with H2O to remove Triton X-100 and the remaining nucleic acid. The pellet was then resuspended in 50 mL of 7M guanidine hydrochloride (GuHCl) and sonicated until complete solubilization.
After denaturation, the protein was refolded in the presence of heme. A hemin-CN stock solution containing 25 mg KCN and 7.5 mg hemin in 5 mL H2O was added to 500 mL of cold H2O. The solution was allowed to stir for ~10 min. Then the protein/GuHCl solution was added dropwise to the hemin-CN solution and allowed to stir for ~1 h after the last addition. The solution was centrifuged at 9000 x g for 30 min to remove precipitant. The red/orange supernatant (~500 mL) was then dialyzed against 12 L of 20 mM Tris, pH 7.2 overnight.
The protein solution was centrifuged at 9000 x g for 30 min to remove precipitate. The supernatant was incubated with pre-equilibrated Sepharose CM resin for 10 min. The resin was filtered out by a coarse frit and washed with 20 mM Tris, pH 8.0 (50 mL). Protein was eluted by 20 mM Tris, 200 mM KCl, pH 8.0 (50 mL). The protein was concentrated to 8 mL and exchanged to 100mM pH 7 potassium phosphate buffer by buffer exchange in a Centricon ultrafiltration device (Millipore). It is further purified by size-exclusion chromatography. The identity and purity of protein was verified by ESI-MS (G65Y-CuBMb(+6), calculated: 17476.4, observed: 17484.0).
Electron transfer study by stopped-flow spectrometry
Experiments were performed on an Applied Photophysics Ltd. (Leatherhead, U.K.) SX18.MV stopped-flow spectrometer equipped with a 256 element photodiode array detector at room temperature. Two-syringe mixing was employed to mix equal volumes of ferrous cyt b5 in degassed buffer with myoglobin in airsaturated buffer, both in 5 mM potassium phosphate buffer pH 6. The instrument was prepared for anaerobic stopped-flow by rinsing its lines out with 15 mM dithionite solution followed by purging with degassed reaction buffer 10 mL, and finally rinsed by reactant five times before data collection. Special glass outer syringes fit with Teflon stoppers into which an argon line was run maintained an oxygen free environment. Cyt b5 was degassed and transferred into glove bag and reduced with dithionite. Reductant dithionite was removed by GE G-25 Sephadex desalting column. Cyt b5 was adjusted to a final concentration of 5 μM, stored into air-tight syringe with needle sealed with rubber septum, transferred out of the glove bag and immediately mounted in to the apparatus. Mb mutant was adjusted to a final concentration of 0.5 μM with air-saturated buffer. All reported data sets originally consisted of 1000 spectra collected over 1 to 500 s using logarithmic sampling. The integration period and minimum sampling period were both 1 ms.
O2 reduction and H2O2 production assay
O2 reduction was measured by using an Oxygraph Clark-type oxygen electrode (Hansatech Instruments) at 25°C or 37°C in 5 mM potassium phosphate buffer, pH 6.0. All experiments were performed three times to obtain standard deviation. The electrode was calibrated against air-saturated buffer and O2-depleted buffer prior to use. Protein was exchanged to 5 mM potassium phosphate buffer, pH 6.0. The buffer was treated with Chelex beads overnight before use. The final concentrations of myoglobin, cyt b5 and NADHcyt b5 reductase were adjusted to 50 nM, 5 μM and 80 nM based on Soret absorption of Mb and cyt b5, and absorption of FAD in NADH-cyt b5 reductase. The native enzyme was added at last to initiate the catalysis, following the reported procedure, likely due to the instability of the enzyme. H2O2 product was probed by HPO-100 hydrogen peroxide sensor (World Precision Instrumentation) and detected by Apollo 1000 one-channel free radical analyzer (World Precision Instrumentation) at 37°C in 5 mM potassium phosphate buffer, pH 6.0. HPO-100 sensor polarized in reaction buffer for 2 h prior to use. 30% H2O2 aqueous solution (Sigma) 11 μL was diluted with H2O 989 μL to prepare a standard 100 mM stock solution. Calibration curve was taken from 0.1 to 100 μM H2O2 aqueous solution.
Measurement of reduction potential by spectroelectrochemical method
The reduction potential of both mutants were measured in 100 mM potassium phosphate buffer at pH 7 as previously described 6 . Figure S1 . Oxygen reduction and hydrogen peroxide production rate of G65Y-CuBMb(+6) and G65Y-CuBMb. . EPR spectra of G65Y-CuBMb and G65Y-CuBMb(+6) measured at 15 K, 2 mW power, 4 Gauss modulation. For G65Y-CuBMb(+6), the signals around 2000 Gauss is due to the presence of adventitious bound iron that were not purified from the protein. Figure S4 . Influence of ionic strength on the oxidase activity of G65Y-CuBMb(+6). Addition of 100mM KCl into the reaction mixture significantly decreased oxidase activity. The strong influence of ionic strength is consistent with the fact that G65Y-CuBMb(+6) and Cyt b5 interacts through electrostatic interaction. 
